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PREFACE 


A  numerical  harbor  resonance  model  investigation  of  the  Los  Angeles  - 
Long  Beach  Harbor  Complex  was  authorized  by  the  US  Army  Engineer  District,  Los 
Angeles  (SPL) ,  on  1  March  1988.  The  model  investigation  was  sponsored  by  SPL, 
and  funding  was  provided  by  the  Ports  of  Los  Angeles  (POLA)  and  Long  Beach 
(POLB)  under  a  study  agreement  with  SPL. 

The  numerical  study  was  conducted  at  the  Coastal  Engineering  Research 
Center  (CERC)  of  the  US  Army  Engineer  Waterways  Experiment  Station  (WES)  from 
March  to  October  1988  in  the  Wave  Processes  Branch  (WPB) ,  Wave  Dynamics  Divi¬ 
sion  (WDD) ,  CERC,  under  the  direction  of  Dr.  James  R.  Houston,  Chief,  CERC; 

Mr.  Charles  C.  Calhoun,  Jr. ,  Assistant  Chief,  CERC;  Mr.  Claude  E. 

Chatham,  Jr.,  Chief,  WDD;  and  Mr.  Douglas  C.  Outlaw,  Chief,  WPB.  The  numeri¬ 
cal  model  investigation  was  conducted  by  Mr.  Francis  E.  Sargent,  Hydraulic 
Engineer,  WPB,  and  Ms.  Robin  Hoban,  Contract  Student,  who  provided  assistance 
in  grid  preparation  This  report  was  edited  by  Ms.  Shirley  A.  J.  Hanshaw, 
Information  Technology  Laboratory,  WES. 

During  the  course  of  the  investigation,  liaison  between  POLA  and  POLB 
was  maintained  by  means  of  conferences,  telephone  communications,  presentation 
of  preliminary  results,  and  monthly  progress  reports.  Messrs.  Vern  Hall  and 
John  Warvar  were  the  points  of  contact  (POC)  for  POLA,  and  Messrs.  Dan  Allen, 
Rich  Weeks,  and  Mike  Burke  were  POC ' s  for  POLB. 

Project  management  for  SPL  was  administered  by  Mr.  Angel  P.  Fuertes 
under  the  genera!  direction  of  Mr.  Stephen  S.  Fine,  Chief,  Coastal  Branch  and 
Mr.  Alan  Alcorn,  Chief.  Waterways  and  Harbors  Section,  North  Coast,  in  the 
Planning  Division.  COL  Tadahiko  Ono  was  District  Engineer  of  S  PI  -  during  the 
course  of  this  study. 

COL  Larry  B.  Fulton,  EN,  was  Commander  and  Director  of  WES  during  report 
publication.  Dr.  Robert  W.  Whalin  was  Technical  Director. 
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CONVERSION  FACTORS,  NON- SI  TO  SI  (METRIC) 
UNITS  OF  MEASUREMENT 


Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI 


(metric!  units  as  follows: 

Multiply 

Bv 

To  Obtain 

acres 

4 , 046 . 856 

square  metres 

feet 

0.3048 

metres 

tons  (2,000  pounds,  mass) 

0.907194 

metric  tons 
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LOS  ANGELES  -  LONG  BEACH  HARBOR  COMPLEX 
2020  PLAN  HARBOR  RESONANCE.  ANALYSIS 
Numerical  Model  investigation 

PART  I:  INTRODUCTION 

The  Prototype 

1.  The  Los  Angeles  -  Long  Beach  Harbor  Complex  is  situated  in  San  Pedro 
Bav  (Figure  1)  on  the  south  California  coastline  (118°15‘  W  ,  33°45'  N)  .  The 
Ports  are  protected  from  incident  wave  energies  by  three  rubble -mound  break¬ 
waters  (Bottin  1  988").  Breakwater  construction  began  with  the  San  Pedro  Break¬ 
water  during  1900-12,  continued  with  the  Middle  Breakwater  during  1532-37  and 
1990-42,  and  finished  with  the  Long  Beach  Breakwater  during  1941-43  and 
1946-49.  The  breakwaters  provide  sufficient  protection  for  short-period  waves 
hut  are  considered  to  be  highly  permeable  to  low  amplitude  -  low  frequency  waves 
(Houston  1976).  The  present  day  bathymetry  and  harbor  geometry  has  evolved 
from  continued  growth  and  development  by  the  Ports  and  Federal  interests. 

2.  Future  growth  of  the  harbors  is  expected  during  the  next  few  decades 
as  shown  in  the  Operations,  Facilities,  and  Infrastructure  Study  (Vickerman 
Zachary  Miller,  Inc.  1988).  Cargo  throughput  by  the  year  2020  is  projected  to 
be  221,800,000  tons,*  while  the  maximum  historical  throughput  to  date  has  been 
R6  900,000  tons.  Maximum  practical  capacity  of  existing  facilities  is 
estimated  at  144,500,000  tens.  The  major  growth  factor  will  be  caused  by  an 
increase  in  Pacific  Rim  trade. 

3 .  To  satisfy  expected  growth,  the  Ports  have  undertaken  a  long-range 
cooperative  planning  effort  known  as  the  2020  Plan.  The  principal  components 
of  the  2020  Plan  are  (a)  landfills  in  outer  harbor  areas  covering  2,400  acres 
and  development  of  600  existing  acres,  providing  space  for  38  new  terminals; 
(b)  deep-draft  channels  at  various  depths  from  55  to  90  ft  (providing  most  of 
the  materials  for  the  landfills);  and  (c)  an  extensive  system  of  rail  and 
highway  connections  and  intermodal  container  transfer  facilities.  Construc- 

t  ion  will  be  done  in  two  major  phases,  Phase  1  to  be  completed  about  the  year 
i’u’.L  followed  bv  Phase  2  completion  in  2020. 

A  tablet  of  factors  for  converting  non-SI  to  SI  units  of  measurement  is 
presented  on  page  3. 
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c  t:  location 


Purpose  of  Study 

4.  The  purpose  oi  this  study  was  to  invert  igate  harbor  «.>>,<.  ill  ■ 
excited  by  long  waves  with  periods  from  40  to  600  sec  using  a  finite 
numerical  model.  Four  layouts,  includirg  existing  conditions,  were  t 
determine  whether  adverse  harbor  oscillations  would  occur  in  existing 
posed  basins.  Although  a  ship  motion  analysis  was  not  undertaken  ii. 
study,  the  present  results  can  be  used  in  a  relative  comparison  to  it; 
where  ship  motion  problems  are  most  lil'elv  to  develop  The  present  s 
limited  to  the  60-  to  400-sec  periods  and  does  not  include  energies  i 
to  60-sec  range  which  may  also  be  important  in  addressing  ship  motion 

5.  Existing  conditions,  shown  in  Figure  2,  were  studied  to  pro 
baseline  comparison  for  the  three  alternative  schemes  tested.  The  a  I 
schemes  consisted  of  two  Phase  2  layouts,  and  one  Phase  1  layout.  The 
tion  of  the  Phase  1  layout  was  based  on  a  preliminary  analysis  of  tic 
results.  The  Phase  1  configuration  of  Scheme  B  is  shown  in  Figure  1. 
layouts  for  Scheme  B  and  Scheme  A  are  shown  in  Figures  4  and  5 .  jvsjn 


mm  • 


harbor  geometry  for  2020  Plan 


PART  II:  NUMERICAL  MODEL 


6.  The  numerical  model,  originally  developed  by  Chen  and  Mei  (1974), 
uses  a  hybrid  finite  element  solution  to  a  generalized  Helmholtz  equation. 

The  model  has  been  successfully  -’pplied  to  several  study  areas  by  the  Coastal 
Engineering  Research  Center  (CERC)  (Bottin,  Sargent,  and  Mize  1985;  US  Army 
Engineer  Waterways  Experiment  Station  (WES)  1987;  Farrar  and  Chen  1987;  and 
Crawford  1988).  Houston  (1976)  included  variable  depth  bathymetry  and  the 
dispersion  relationship  from  linear  wave  theory.  The  effects  of  bottom 
friction  and  boundary  absorption  were  incorporated  into  the  model  by  Chen 
(1984,  1986).  This  more  accurately  models  the  conditions  seen  in  prototype 
data  and  physical  model  testing  and  is  consistent  with  theoretical  arguments 
of  energy  dissipation.  Chen  and  Houston  (1987)  wrote  a  user's  manual  for  two 
versions  of  the  model:  HARBS  for  shallow  water  and  HARBD  for  arbitrary  water 
depth . 

7.  Applying  linear  wave  theory  to  the  governing  continuity  and  momentum 
equations  and  noting  that  all  the  dependent  variables  are  periodic  in  time 
with  angular  frequency  w  yields  the  following  governing  equation  (Chen 
1986)  : 


V  •  Acc.  V<f>  +  ^  w2  4>  =  0 
B  c 


(1) 


where 

c  =  w/k  ,  phase  velocity 
k  =  2jt/L  ,  wave  number 
L  =  wave  length 

cg  =  c/2  +  ckh/sinh(2kh)  ,  group  velocity 
4>  =  spatial  complex  velocity  potential 
The  Lotto;.,  friction  factor  A  is  assumed  proportional  to  the  maximum  flow 
speed  at  the  bottom  and  defined  as 


A 


1  + 


fta„ 


h  sinh(kh) 


le 


17 


(2) 
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where 


/3  —  dimensionless  parameter  that  varies  spatially 
aQ  =*  incident  wave  amplitude 
h  =  local  water  depth 

7  —  phase  shift  between  bottom  stress  and  flow  velocity 
For  example,  when  p  =  0  then  A  =  1  ,  and  Equation  1  reduces  to  Chen  and 
Mei's  (1974^  original  equation  without  bottom  friction. 

8.  The  absorptive  boundary  condition  on  the  solid  boundaries  adopts 
the  impedance  condition  used  in  acoustics  in  terms  of  the  boundary  reflection 
coefficient  kr  to  be 


dj 

dn 


-  a4>  —  0 


(3) 


along  the  boundary  with 

1  -  kr 

a  =  Ik  (a) 

and  rj  is  the  unit  normal  vector  outward  from  the  fluid  domain.  Similar  to 
the  friction  coefficient,  when  a  -  0  ,  Equation  3  reduces  to  a  statement  of 
zero  velocity  normal  to  the  boundary,  which  is  implicit  in  Chen  and  Mei's 
original  formulation. 

9.  A  conventional  finite  element  approximation  with  triangular  ele¬ 
ments  of  nodal  type  is  used  in  the  near  region,  while  an  analytical  solution 
with  unknown  coefficients  is  used  to  describe  the  far  region  as  an  element  of 
coefficient  type.  A  variational  principle  using  a  proper  functional  is  estab¬ 
lished  so  that  the  near  and  far  fields  are  matched  along  an  outer  semicircle 
(or  circle)  bounded  within  a  semi - inf inite  (or  infinite)  domain.  The  coeffi¬ 
cients  on  the  semicircle  are  obtained  from  the  analytical  solution  for  the 
specified  wave  direction.  The  analytical  solution  assumes  a  constant,  depth,  or 
very  mild  slope  in  the  far  region  and  neglects  bottom  friction  in  the  far 
region. 

10  Within  the  bounding  semicircle  the  region  is  discretized  into 
finite  number  of  coordinate  pairs  called  node  point  s .  The  so  node  point  ?  .ir> 
related  to  adjacent,  nodes  via  triangular  elements  (three  males  per  »•  lemc-ut  <  . 


1  1 


The  local  depth  h  and  bottom  friction  factor  £  are  defined  at  the  element 
level.  The  reflection  coefficients  kr  are  specified  at  boundary  elements 
which  are  defined  as  a  subset  of  the  element  data.  Once  the  physical  geometry 
of  the  finite  element  mesh  is  defined  a  series  of  values  for  wave  period  T  , 
wave  direction  6  ,  and  wave  amplitude  aQ  can  be  supplied  as  input  to  the 
model . 

11.  The  finite  element  solution  is  obtained  from  a  global  matrix  of 
nodal  coefficients  that  is  assembled  at  the  element  level  with  respect  to  the 
governing  equations  and  specified  boundary  conditions.  The  element  matrices 
are  symmetric  with  global  bandwidths  equal  to  the  maximum  numerical  difference 
between  adjacent  node  indices.  It  follows  that  the  assembled  matrix  is 
symmetric  with  a  bandwidth  (maximum  extent  of  nonzero  coefficients  from  the 
diagonal)  equal  to  the  largest  element  bandwidth.  The  size  of  an  element  is 
dependent  on  the  depth  and  minimum  wave  period  tested  which  define  the  minimum 
wavelength  via  the  dispersion  relationship.  Quantitative  accuracy  can  be 
obtained  when  the  number  of  node  points  per  wavelength  exceeds  4.*  Elements 
with  equilateral  sides  are  most  convenient  since  this  minimizes  the  nodal 
density  in  addition  to  maximizing  computational  accuracy. 

12.  The  assembled  matrix  is  solved  using  Gaussian  elimination  with  a 
solution  time  proportional  to  the  number  of  unknowns  (nodes)  times  the 
bandwidth  squared.  With  the  exception  of  calculating  A  for  each  element, 
the  solution  is  normalized  with  respect  to  an  incident  wave  of  unit  amplitude. 
The  resulting  complex  velocity  potential  <f>  at  each  node  is  then  represented 
as  an  amplification  factor  and  corresponding  phase  angle.  In  general,  the 
solution  consists  of  standing  and  progressive  wave  components. 


*  Personal  communication,  1988,  H.  S.  Chen,  CERC,  WES. 
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PART  III:  APPLICATION  OF  NUMERICAL  MODEL 


Numerical  Data  Analysis 

13.  A  vectorized  version  of  the  LARBD  model  was  run  on  a  CDC  Cyber  205 
for  this  study  (Crawford  1988) .  Initial  runs  indicated  a  disproportionaliy 
large  amount  of  computational  time  was  expended  in  computing  k  for  each 
element.  This  problem  was  solved  by  using  an  algorithm  presented  by  Wu  and 
Thornton  (1986).  The  resulting  model  can  be  used  efficiently  for  all  wave 
periods  from  shallow-water  to  deepwater  conditions. 

14.  For  purposes  of  this  study,  results  from  the  model  were  reduced  to 
a  data  set  consisting  of  boundary  element  (or  "panel")  amplification  factors. 
These  factors  are  the  most  relevant  with  respect  to  moored  ship  motion.  The 
mean  panel  amplification  is  defined  as 

i 

A12  =  f  |  $12 1  dr  (5) 

0 


where 


I  $12  I 


[a:  +  r(a2  -  ax)]  '  +  [bx  +  r(b2  -  bx)]  '  % 


(6) 


$i  “  a!  +  ibj  ,  $2  =  a2  +  ib2  (7  a,b) 

and  r  is  the  normalized  position  along  the  boundary  element.  Equation  6  is 
simply  the  amplification  factor  at  any  point  along  the  boundary.  Once 
analyzed,  particular  panels  or  sequences  of  panels  representing  particular 
basins  were  selected  for  graphical  and  tabular  presentation.  Basin  response 
is  calculated  by  taking  a  weighted  average  of  the  respective  panel  factors. 
Further  analysis  of  the  selected  basins  was  then  done  by  averaging  the  basin 
response  curves  into  several  period  bands  varying  in  length  from  30  to 
100  sec  . 
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Grid  and  Boundary  Conditions 

15.  Plater  1-4  show  the  grid  geometries  for  existing  and  planned 
layouts.  The  harbor  geometries  were  determined  from  National  Oceanographic 
and  Atmospheric  Administration  (NOAA)  charts,  information  provided  by  the 
Port's  of  Los  Angeles  and  Long  Beach,  and  several  other  auxiliary  data  sources. 
The  elements  vary  in  size  to  reflect  local  changes  in  water  depth.  Nodal 
spacing  v.  ried  from  200  ft  for  the  minimum  water  depth  of  9  to  800  ft  for 
depths  exceeding  75  ft.  This  spacing  provided  a  minimum  of  4  nodes/wavelength 
for  the  60-sec  minimum  wave  period  tested. 

16.  The  bottom  friction  coefficient  was  0.1  for  all  elements  except 
the  80  elements  representing  the  San  Pedro  and  Middle  Breakwaters.  The  fric¬ 
tion  coefficient  for  the  breakwater  elements  was  50,  Water  depths  were  deter¬ 
mined  from  NOAA  charts  and  information  provided  by  the  ports.  The  water 
depth  for  the  breakwater  elements  was  29.5  ft.  The  model  was  run  for  a  fixed 
water  depth  of  +3  ft  mean  lower  low  water. 

17.  The  boundary  reflection  coefficients  varied  from  0.965  for  depths 
below  10  ft  to  0.995  for  depths  exceeding  60  ft.  The  coefficient  was 
incremented  0.005  for  each  10-ft  increase  in  depth.  For  each  configuration,  a 
total  of  121  wave  periods  was  selected  between  60  and  400  sec.  The  period 
varied  in  2-sec  increments  from  60  to  200  sec  and  4-sec  increments  from  200  to 
400  sec.  For  comparison  purposes,  the  wave  amplitude  was  fixed  at  0.065  ft 
for  friction  computations,  and  the  wave  direction  was  set  at  210  deg  from  true 
north . 

18.  Plates  5-8  show  the  boundary  locations  selected  for  data  presenta¬ 
tion.  Several  line  segments,  representing  prominent  basins  or  slips,  were 
selected  from  the  Los  Angeles,  Long  Beach,  and  proposed  2020  landfill  areas. 
Results  for  these  segments  were  obtained  as  outlined  in  Paragraph  14. 
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PART  IV :  RESULTS 


19.  Plates  9-68  show  the  mean  amplification  response  factors  as  a 
function  of  wave  period  for  the  line  segments  defined  on  Plates  5-8.  In 
addition  to  the  numbering  scheme,  a  descriptive  title  is  included  on  each 
plate  to  aid  in  identifying  .he  location.  For  each  location  the  results  are 
presented  on  two  successive  plates  for  the  60-  to  180-  and  180-  to  400-sec 
wave  period  bands,  respectively.  To  adequately  compare  the  four  data  sets 
shown  on  each  plate,  the  amplification  response  (vertical)  axis  varies  in 
magnitude  from  plate  to  plate. 

20.  A  summary  of  results  for  Plates  9-68  is  shown  in  Table  1.  The 
values  in  Table  1  are  time  averaged  response  factors  for  the  indicated  period 
bands.  For  brevity,  the  four  basin  geometries  will  be  referenced  as  existing 
conditions  (EC),  Scheme  A  -  Phase  II  (A2) ,  Scheme  B  -  Phase  II  (B2) ,  and 
Scheme  B  -  Phase  I  (Bl) .  Unless  stated  otherwise,  all  comparisons  made  are 
with  reference  to  EC. 


Long  Peach 


Pier  J  extension 

21.  This  area  is  not  presently  used  for  shipping,  and  all  three  modifi¬ 

cations  to  it  are  identical  in  geometry.  Results  shown  in  Plates  9-10  are 
markedly  similar  for  the  proposed  changes  below  240  sec,  while  some  variation 

in  amplification  is  seen  in  the  principal  mode  occurring  at  280  sec.  Smaller 

amplification  peaks  of  2.5  and  1.5  occur  at  65  and  90  sec,  respectively. 

These  results  are  similar  to  those  presented  in  a  report  by  Tekmarine .  Inc. 
(1987),  for  the  Port  of  Long  Beach. 

Southeast  Basin 

22.  Plates  11-12  show  the  overall  response  of  Southeast  Basin,  with  B2 

showing  the  largest  increase.  A2  increases  above  300  sec,  while  it  decreases 
below  this  point;  and  Bl  decreases,  with  the  exception  of  the  140-  to  170-sec 
period  range.  Table  1  shows  that  between  60  to  180  sec,  A2 ,  B2 ,  and  Bl  change 

-11,  +  23,  and  +11  percent,  respectively.  Above  180  sec,  the  response  of  the 

basin  is  largely  a  function  of  a  220-sec  peak  developing  in  the  pier  G-J  areas 
and  a  380  peak  developing  throughout  the  basin.  While  A2 ,  B2 ,  and  Bl  all  show 
significant  reduction  of  the  220-sec  peak,  B2  increases  103  percent  in  the 
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240-  Co  300-sec  band.  For  the  360-  to  400-sec  range,  A2  and  B2  have  an 
approximately  fourfold  increase  in  response,  while  B1  has  an  approximate 
twofold  increase.  Plates  13-18  show  the  response  for  three  subsections  of 
Southeast  Basin. 

East  Basin 

23.  Plates  19-20  show  the  overall  East  Basin  response,  and  Plates  21-22 
and  23-24  show  subsections  located  in  the  Pier  B  and  Pier  D  areas,  respec¬ 
tively.  In  the  60-  to  180-sec  band,  East  Basin  response  decreases  under  the 
proposed  plans  with  changes  of  -24,  -28,  and  -13  percent  for  A2 ,  B2 ,  and  Bl, 
respectively.  For  the  modified  plans,  response  between  60-  to  180-sec  never 
exceeds  2.0  in  the  Pier  B  or  Pier  D  areas,  as  shown  on  Plates  21  and  23.  East 
Basin  response  above  180  sec  is  dominated  by  a  200-sec  peak  which  develops  for 
B2  and  Bl  in  the  Pier  D  slip  and  a  broad  300  to  400  sec  response  in  the  Pier  B 
and  Pier  C  slips  for  the  three  proposed  plans.  East  Basin  changes  in  the  180- 
to  240-sec  band  are  -20,  +51,  and  +31  percent  for  A2 ,  B2 ,  and  Bl ,  respec¬ 
tively.  Similarly,  changes  in  the  300-  to  400-sec  band  are  +115,  +101,  and 
+157  percent  for  A2 ,  B2 ,  and  Bl ,  respectively. 

Naval  Basin 

24.  Response  curves  for  the  entire  Naval  Basin  and  its  west  end  are 
shown  on  Plates  25-26  and  27-28,  respectively.  Changes  in  Naval  Basin 
response  for  the  60  to  150  band  are  -35,  -9,  and  -17  percent  for  A2 ,  B2 ,  and 
Bl,  respectively.  The  response  above  150  sec  is  characterized  by  a  sharp  peak 
at  162  sec  for  all  four  plans,  smaller  peaks  at  188  sec  end  208-12  sec,  and  a 
broad  response  in  the  300-  to  400-sec  band  for  the  three  proposed  plans. 
Changes  in  the  150-  to  180-sec  band  are  +49,  +32,  and  +83  percent  for  A2 ,  B2 , 
and  Bl,  respectively.  Changes  in  the  300-  to  400-sec  band  are  +107,  +93,  and 
+170  percent  for  A2 ,  B2 ,  and  Bl ,  respectively. 

2020  Landfill 

25.  The  overall  response  of  the  Long  Beach  2020  landfill  can  be  seen  on 
Plates  63-64.  Plates  65-66  show  the  overall  response  of  the  landfill  slip, 
and  Plates  67-68  the  response  at  the  slip's  end.  The  curves  show  large 
variations  in  response  between  A2 ,  B2 ,  and  Bl,  not  unusual  considering  the 
major  differences  in  plan  geometries. 

26.  With  reference  to  Plates  67-68,  the  response  curves  are  dominated 
by  Bl ,  which  has  a  large  peak  of  5.62  at  86  sec,  a  broad  peak  between  120  and 
145  sec  averaging  3.5,  and  a  large  response  above  240  sec  averaging  4.4.  The 
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B2  response  is  somewhat  similar  to  B1  between  120  and  240  and  usually  of  lower 
magnitude  outside  this  range.  The  A2  response,  typically  the  lowest,  has  a 
narrow  peak  at  122  sec  reaching  to  4.9  and,  relative  to  B1  or  B2 ,  a  larger 
response  between  176  and  206  sec.  Between  60  and  180  sec,  the  change  in 
response  from  B1  to  B2  is  -37  percent,  and  from  B2  to  A2  is  -30  percent. 


27.  The  Slip  5  response  curves  (Plates  29-30)  show  the  four  plans  have 
a  fairly  low  response  below  180  sec  and  a  significant  reduction  occurring  in 
the  240-  to  300-sec  band  for  the  three  proposed  plans. 

28.  Plates  31-32  are  the  Slip  1  response  curves  which  show  principal 
peaks  occurring  at  78  sec,  130  to  150  sec,  276  sec,  and  356  to  388  sec.  The 
curves  for  A2  and  B2  are  very  similar,  which,  as  will  be  seen,  is  typical  for 
most  of  the  Los  Angeles  locations.  Changes  in  the  60-  to  180-sec  band  are 
+13,  +14,  and  -7  percent  for  A2 ,  B2 ,  and  B1 ,  respectively.  Above  180  sec, 
response  decreases  for  the  three  proposed  plans  with  major  reductions  from  EC 
peaks  at  276  sec  and  388  sec. 

29.  West  Basin  response  curves  on  Plates  33-34  show  little  change 
occurring  under  the  proposed  modifications.  The  maximum  response  np'mr 
exceeds  1.6  for  any  of  the  four  plans. 

30.  Response  curves  for  Slip  93,  on  Plates  35-6,  show  a  large  peak 
forming  at  110  to  130  sec  for  A2  and  B2 ,  and  smaller  peaks  appearing  at  140  to 
160  sec  and  210  to  220  sec  for  A2 ,  B2 ,  and  B1 .  The  110-  to  130-sec  peak  would 
appear  to  be  a  contribution  of  the  East  Channel  landfill,  a  feature  of  A2  and 
B2  but  not  included  in  Bl.  Changes  in  response  in  the  90-  to  150- sec  and  180- 
to  240-sec  bands  are  +45  and  +25  percent  for  B2  and  -4  and  +27  percent  for  Bl , 
respectively. 

31.  The  SP  Slip  response  curves  on  Plates  37-38  show  changes  occurring 
in  the  150-  to  180-sec  and  240-  to  300-sec.  bands,  where  large  reductions 
occur,  and  in  the  180-  to  240-sec  band  which  has  increased  significantly. 
Changes  in  the  150-  to  180-sec  and  180-  to  240-sec  bands  are  -29  and  +46  per¬ 
cent  for  B2  and  -20  and  +57  percent  for  Bl ,  respectively. 

32.  Plates  45-46  show  Slip  240  responds  mostly  in  the  150-  to  300-sec 
range  where  peaks  occur  at  156  sec  and  186  t:o  202  sec  with  magnitudes 


close  to  5.  Response  changes  in  the  150-  to  180- sec  and  180-  to  240-sec  bands 
are  -22  and  +38  percent  for  B2 ,  and  -15  and  +47  percent  for  B1 ,  respectively. 
East  Channel /Landf ill 

33.  East  Channel  geometry  remains  unchanged  for  B1  but  is  replaced  by  a 
landfill  for  A2  and  B2  geometries.  Response  curves  for  the  channel/landfill, 
located  on  Plates  39-40,  show  A2  and  B2  are  nearly  identical,  while  differ¬ 
ences  between  EC  and  B1  are  significant.  Between  60  to  240  sec,  B1  response 
increases  +41  percent,  and  above  240  sec  there  is  a  -22  percent  decrease. 
Within  the  60-  to  150-sec  band,  the  mean  response  of  1.731  for  EC  increases  to 
2.565  for  B1  and  1.807  for  B2 . 

Watchorn  Basin.  Cabrillo  Marina,  and  Fish  Harbor 

34.  Response  curves  for  these  areas  are  shown  on  Plates  41-42,  43-44, 
and  47-48  for  Watchorn  Basin,  Cabrillo  Marina,  and  Fish  Harbor,  respectively. 
With  the  possible  exception  of  Watchorn  Basin,  these  areas  are  not  expected  to 
be  adversely  affected  by  any  changes  in  response  for  the  60-  to  400-sec  band. 
Most  vessels  which  occupy  these  areas  have  principal  modes  of  oscillation 
occurring  at  periods  below  60  sec.  Changes  in  Watchorn  Basin  response  between 
60  and  180  sec  are  +11  and  -3  percent  for  B2  and  B1 ,  respectively.  Changes  in 
Cabrillo  Marina  response  between  60  and  180  sec  are  +10  and  -3  percent  for  B2 
and  B1 ,  respectively.  Fish  Harbor  shows  significant  reductions  in  response 
for  the  three  proposed  plans  throughout  the  60-  to  400-sec  band,  with  the  60- 
to  180-sec  band  showing  changes  of  -48  and  -54  percent  for  B2  and  Bl, 
respectively . 

2020  Landfill 

35.  Plates  54-55  show  the  overall  response  of  the  Los  Angeles  2020 
landfill,  and  Plates  56-62  are  response  curves  for  several  subsections  in  this 
area.  As  noted  earlier,  the  B2  and  A2  curves  are  very  similar,  with  the 
largest  differences  seen  at  locations  in  closer  proximity  to  the  Long  Beach 
2020  landfill.  Two  possibilities  for  similar  response  curves  are  (a)  A2  and 
B2  Los  Angeles  geometries  are  identical  and  (b)  orientation  of,  and  distance 
to,  the  Long  Beach  2020  slip.  The  two  major  geographical  features  of  the 
landfill  will  be  referred  to  as  the  Northern  Slip  and  Southern  Slip. 

36.  From  Plates  57-58  the  major  response  features  of  the  Northern  Slip 
are  several  peaks  with  magnitudes  of  2  to  3  between  120  and  200  sec,  a  peak  at 
280  sec  for  Bl,  and  a  broad  peak  at  310  sec  for  B2 .  Between  60  to  180  sec, 
the  change  in  response  from  Bl  to  B2  is  +15  percent. 
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37.  Major  features  of  the  Southern  Slip  response  curves,  shown  on 
Plates  61-62,  are  an  amplification  peak  of  2.5  to  3  between  80  and  100  sec, 
and  a  strong  peak  reaching  7.5  at  240  sec  for  B1 .  Between  60  to  180  sec,  the 
change  in  response  from  B1  to  B2  is  +2  percent. 


Los  Anee les -  Long  Beach  Complex  and  2020  Landfill 


38.  Plates  49-50  show  the  space -averaged  response  of  the  harbors,  while 
Plates  51-52  show  the  response  for  the  Los  Angeles-Long  Beach  2020  Landfill. 
Referring  to  Table  1,  the  harbor  response  below  180  sec  decreases  for  all 
three  proposed  plans,  whereas  above  300  sec  just  the  opposite  occurs.  Rela¬ 
tive  to  B2 ,  A2  has  a  lower  response  below  120  sec  and  essentially  the  same 
response  above  120  sec.  The  overall  changes  for  A2 ,  B2 ,  and  B1  are  -7.2, 

-3.3,  and  +0.1  percent,  respectively.  Overall  changes  for  the  landfill, 
relative  to  B2 ,  are  -7.1  and  +12.2  percent  for  A2  and  B1 ,  respectively. 
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PART  V:  CONCLUSIONS 


39.  Based  on  the  results  from  the  numerical  model,  it  is  concluded  for 
Long  Beach  Harbor  that: 

a.  The  three  landfill  schemes'  influence  on  existing  areas  is  seen 
principally  above  180  sec.  Between  60  and  180  sec,  for  the  Naval, 
East,  and  Southeast  Basins,  changes  in  response  (relative  to  EC) 
are  -17,  -13,  and  +4  percent  for  A2 ,  B2 ,  and  B1 ,  respectively. 
Similarly,  overall  changes  between  60  and  400  sec  are  +24,  +33, 
and  +-39  percent,  respectively. 

b.  The  Scheme  B  layouts  show  a  significant  increase  in  response  for 
the  2020  Landfill  Slip  relative  to  the  Scheme  A  layout;  between  60 
and  180  sec,  changes  in  response  are  +-51  and  +-136  percent  for  B2 
and  B1 ,  respectively.  Similarly,  overall  changes  between  60  and 
400  sec  are  +44  and  +106  percent,  respectively. 

c.  The  Pier  J  Extension  Slip  is  not  significantly  influenced  bv  the 
three  landfill  schemes. 

Overall,  A2  appears  to  be  the  best  plan  for  minimizing  harbor  response  for 
Long  Beach.  While  the  B2  layout  has  a  stronger  response,  its  effect  is 
located  primarily  within  the  2020  Landfill  Slip.  The  magnitude  of  the  B2 
layout  response  is  not  sufficiently  above  the  A2  response  to  consider  exclud¬ 
ing  B2  from  plan  selection.  With  respect  to  ship  motion,  other  factors  such 
as  response  characteristics  in  the  10-  to  60-sec  period  band,  ship  types, 
fender  types,  mooring  line  types  and  configurations,  downtime  criteria,  and 
wave  statistics  are  necessary  in  determining  the  best  plan. 

40.  Based  on  the  results  for  the  numerical  model,  it  is  concluded  for 
Los  Angeles  Harbor  that: 

a.  Response  characteristics  for  A2  and  B2  are  virtually  the  same  for 
all  locations,  the  largest  differences  occurring  with  proximity  to 
Long  Beach  Harbor.  It  appears  that  the  similar  response  may  be 
due  to  two  factors,  (1)  the  Los  Angeles  Phase  2  geometries  are 
identical  and  (2)  orientation  and  distance  of  differences  in  Long 
Beach  Phase  2  geometries. 

b.  With  the  exception  of  Slip  93,  the  Main  Channel  basins/slips  do 
not  show  significant  changes  in  response  for  the  three  proposed 
plans.  The  large  increase  between  90  to  150  sec  at  Slip  93 
appears  to  be  due  to  the  presence  of  the  East  Channel  Landfill. 

c.  For  the  Phase  2  layouts,  East  Channel  response  between  60  to 
150  sec  is  about  the  same  as  EC,  while  the  B1  layout  shows  a 
significant  increase.  Above  150  sec,  response  for  the  three 
proposed  plans  decreases  significantly  (except  for  a  substantial 
increase  in  the  180-  to  240-sec  band). 

d.  Watchorn  Basin  and  Cabrillo  marina  do  not  change  significantly. 

The  changes  that  occur  are  not  expected  to  adversely  affect 
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typical  vessels  in  these  areas  since  principal  ship  motion 
response  periods  are  below  the  most  significant  changes  (or  in 
fact  below  60-sec  minimum  period  studied  here). 

e.  I’ish  Harbor  shows  significant  reduction  in  response  for  all  three 
proposed  plans. 

f.  Although  the  2020  Northern  Slip  shows  significant  changes  in 
response  between  Phases  1  and  2,  the  overall  responses  are 
relatively  small  (compared  with  East  Channel  or  2020  Southern 
Slip)  . 

£.  The  2020  Southern  Slip  shows  strong  response  between  80  to  100  sn 
and  above  180  sec  for  the  three  proposed  plans.  The  response 
above  180  sec  is  largest  for  B1 ,  in  particular  between  200  to 
270  sec,  where  the  amplification  factor  approaches  8  at  the  slip's 
end . 

The  critical  areas  for  Los  Angeles  Harbor  appear  to  be  the  B1  conf igura t ion 
for  East  Channel  and  the  three  proposed  plans  for  the  2020  Southern  Slip. 

]-h  lat.ive  to  EC  for  East  Channel,  the  2020  Southern  Slip  shows  a  smaller 
response  below  180  sec  and  a  larger  response  above  this  point..  The  relative 
exposure  of  these  locations  and  their  proximity  to  Angle's  Gate,  coupled  with 
incident  wave  energies  in  the  10-  to  60-sec  period  band,  could  lead  to  adverse 
ship  motion  events  under  extreme  wave  conditions. 

41.  The  overall  response  of  the  Los  Angeles  -  Long  Beach.  Harbor  Complex 
and  proposed  2020  1  and  fill  areas  show  that  A2  has  the  lowest:  response  followed 
by  B7  and  B1 ,  respect i vel v . 
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